Pre-eclampsia is currently regarded as a two-stage disorder: The first stage is insufficient implantation of the placenta that may cause reduced perfusion, the second is maternal symptoms such as hypertension and proteinuria, both consequences of endothelial dysfunction. 1 Pre-eclampsia has been found to occur mainly in first pregnancies. A previous normal pregnancy is associated with a reduced risk of pre-eclampsia, but this protection has been assumed to be lost with change of partner. [2] [3] [4] In women with a history of pre-eclampsia, changing paternity has been described to reduce the risk of recurrency. 5 A reduction in the risk of preeclampsia and pregnancy-induced hypertension has been found with increasing length of sexual cohabitation before conception. Also, women using non-barrier contraceptives have lower risk compared to those using barrier contraceptives. 6, 7 Recent evidence points to normal pregnancy as an inflammatory process, inducing changes in peripheral leukocyte activation similar to those of sepsis. 8 The maternal syndrome of pre-eclampsia is described as an excessive, maternal inflammatory response to pregnancy, representing the extreme end of a general response to pregnancy rather than an intrinsically different state of
pregnancy. 9 These findings have been confirmed in animal models, 10, 11 and experimental pre-eclampsia has been induced in pregnant rats by infusion of endotoxin from Escherichia coli. 10 If pregnancy is an inflammatory process that causes an immunological response, it could be hypothesized that this response causes some kind of immunity in a new pregnancy. The immunity against infectious agents, for instance as seen after vaccination, seems to be reduced by time, hence increasing the risk of infection. 12 A long interval between pregnancies has been shown to increase the risk of pre-eclampsia. 13 To our knowledge, no studies have investigated whether this effect is related to the occurrence of previous pre-eclampsia or changing paternity. The aim of this study was to estimate the impact of time interval between the first and second delivery on the risk of pre-eclampsia in women with and without previous preeclampsia, controlling for change in paternity, maternal age and period to second delivery. The study population included all women with a first and second singleton delivery in Norway during 1967-1998.
Methods

Subjects
Since 1967 all deliveries in Norway after 16 weeks of gestation, more than 1.8 million births, have been recorded in the Medical Birth Registry. 14 The registration is based on standardized forms completed by midwives at the delivery ward within one week after delivery. We studied the pregnancies of 547 238 women registered with their first and second deliveries between 1967-1998 (1 094 476). Only women with singleton pregnancies both times were included.
Variables
Information on the variables was obtained from the Medical Birth Registry. 14 
Outcome variable
Pre-eclampsia in second pregnancy. The diagnostic criteria for preeclampsia in Norway are blood pressure у140/90 after 20 weeks gestation, combined with proteinuria у0.3 g/24 h (у+1 dipstick) on at least two occasions. 15 Women registered with the following ICD-8 diagnoses were defined as having pre-eclampsia: 637.4 Hypertension and proteinuria, 637.5 Hypertension, proteinuria and oedema, 637.6 Threatening eclampsia, 637.7 Pre-or intrapartum eclampsia, 637.8 Post-partum eclampsia and 637.9 Pre-eclampsia ina.
Independent variables
Time interval between deliveries. The interval between the deliveries was calculated exactly by converting the children's date of birth into numeric values before substracting the date of the first birth from that of the second. Thereafter the time interval was categorized as: р1 year, 1-5 years (reference category), 6-10 years, 11-15 years and Ͼ15 years between first and second delivery.
Previous pre-eclampsia. Having had pre-eclampsia in first pregnancy, according to the above definition was coded 'yes' or 'no'.
Maternal age. The maternal age at the second delivery was categorized in the following six groups: Ͻ20, 20-24, 25-29, 30-34, 35-39 and у40 years of age.
New father. The personal identification number of the first child's father was compared with the second child's father.
When identical, 'new father' was coded 'no', when different 'new father' was coded 'yes', and if information was missing for the first or second child 'new father' was noted as 'missing'. The father's personal identification number was not available for 12.8% of the pregnancies.
Year of second delivery. The variable was categorized into five 5-year periods (1967-1971, 1972-1976 etc) and one 7-year period (1992-1998).
Statistical analyses
The relative risks of developing pre-eclampsia in the second pregnancy according to the independent variables were estimated as crude and adjusted odds ratios (OR) by applying logistic regression analyses.
Results
All women
The prevalence of pre-eclampsia in the first pregnancy was 3.6% (n = 19 970) and in the second pregnancy 1.7% (n = 9535). The prevalences of pre-eclampsia in second pregnancy according to all variables are presented in Table 1 . After controlling for previous pre-eclampsia, change in paternity, maternal age and year of second delivery in the total study population, the OR for pre-eclampsia increased with increasing time between the deliveries. For women with intervals longer than 15 years, the adjusted OR for pre-eclampsia was 1.79 (95% CI : 1.50-2.12), compared to women having their second child 1-5 years after the first. Women with time intervals shorter than one year did not fit into this pattern. The adjusted OR of pre-eclampsia in the second pregnancy for this group was 1.44 (95% CI : 1.17-1.77), compared to women with 1-5 years intervals.
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There was a close association between changed paternity and a long time interval between pregnancies. Among the women who delivered their second child within one year of the first, 2.0% (112/5734) had a new father for the second child. After 15 years the proportion of women with new father for the second child was 34.7% (1625/4688). The crude OR for preeclampsia in second pregnancy of women with a change in paternity was 1.14 (95% CI : 1.04-1.25), compared to women with no change in paternity. However, after controlling for the time interval between the deliveries, a new father for the second pregnancy was associated with a reduced risk of preeclampsia (adjusted OR = 0.84, 95% CI : 0.76-0.93).
The risk of pre-eclampsia increased by increasing maternal age for all women; the adjusted OR for pre-eclampsia for women у40 years was 1.66 (95% CI : 1.36-2.03) compared to the reference category (age group 25-29 years). Previous pre-eclampsia had a large impact on pre-eclampsia in second pregnancy with an adjusted OR of 12.41 (95% CI : 11.85-13.01).
In a separate logistic regression model including the total study population, we included two interaction terms. The interaction between previous history of pre-eclampsia and time interval between deliveries was highly significant (P Ͻ 0.001). The interaction between changing paternity and time interval between deliveries was not significant (P = 0.07).
Women without previous pre-eclampsia
Among the women without pre-eclampsia in the first pregnancy, 1.3% developed pre-eclampsia in the second pregnancy (Table 1) , accounting for 70.5% of all cases in the second pregnancy.
The prevalence of pre-eclampsia increased with increasing time between deliveries both in women with and without a change in paternity for the second pregnancy.
With intervals longer than 15 years, the risk of pre-eclampsia in women with same-paternity pregnancies was 4.5%. Women with new-paternity pregnancies had a lower risk, but still increased by increasing time interval, 3.1% for intervals longer than 15 years (Table 2) .
In the multivariate analysis including all women without previous pre-eclampsia, the adjusted OR for pre-eclampsia increased with increasing time between the deliveries (Table 3) , and was higher than the estimates for the total study population. In a separate analysis, we included an interaction term between change in paternity and time interval between deliveries into the logistic regression model including women without previous pre-eclampsia. The interaction was significant (P = 0.04).
In stratified analyses including women without previous preeclampsia, with and without a change in paternity, the adjusted OR for pre-eclampsia according to time interval between deliveries was 2.35 (95% CI : 1.47-3.77) after Ͼ15 years time interval for women with a change in paternity, and 2.69 (95% CI : 1.89-3.83) for women without a change in paternity, after controlling for maternal age and year of second delivery (Table 4) .
Women with previous pre-eclampsia
The risk of recurrent pre-eclampsia was 14.1% (Table 1 ). There was no significant difference in the risk of pre-eclampsia according to time interval between deliveries in women with same-or new-paternity pregnancies (Table 2) .
In the multivariate analysis including all women with previous pre-eclampsia, the adjusted OR for pre-eclampsia according to time interval between deliveries tended to decrease with increasing interval, however not significantly (Table 3) . In a separate analysis, we included an interaction term between change in paternity and time interval between deliveries into the logistic regression model including women with previous pre-eclampsia. There was no significant interaction between change in paternity and time interval between deliveries (P = 0.36) in this sub-group of women.
In stratified analyses including women with previous preeclampsia, with and without a change in paternity, the adjusted OR for pre-eclampsia according to time interval between deliveries was 0.52 (95% CI : 0.19-1.41) after Ͼ15 years time interval for women with a change in paternity, and 0.73 (95% CI : 0.28-1.91) for women without a change in paternity after controlling for maternal age and year of second delivery (Table 4) .
Discussion
There were two main results of our study. Firstly, in contrast to other reports, 2,3,5 a change of paternity for the second INTERPREGNANCY INTERVAL, PATERNITY AND RISK OF PRE-ECLAMPSIA 1319 pregnancy was associated with a reduced risk of pre-eclampsia after controlling for the time since first delivery, but the interaction between change in paternity and time between deliveries was significant only for women with no previous pre-eclampsia (P = 0.04). Secondly, the interaction between history of pre-eclampsia and time interval between the two deliveries was highly significant (P Ͻ 0.001). For women with no previous pre-eclampsia the risk of pre-eclampsia in second pregnancy increased with increasing time interval, whereas for women with previous pre-eclampsia the risk tended to decrease with increasing time interval between deliveries.
Women with intervals р1 year were at increased risk of pre-eclampsia as compared to women with 1-5 years intervals. This group of women was characterized by a high prevalence of unfavourable pregnancy outcome in their first pregnancy (prevalence of perinatal deaths 17.5% versus 0.6-1.4% for the other time intervals).
The increase in risk of pre-eclampsia in second pregnancy seemed to occur approximately 5 years after the first delivery. After 15 years, the prevalence of pre-eclampsia in women with a normal first pregnancy and no change in paternity was higher than that of primiparous women, whereas in women with a change in paternity the prevalence was lower. Previous pre-eclampsia was a major risk factor for pre-eclampsia in second pregnancy, but women with recurrent pre-eclampsia accounted for only 29.5% of all cases in second pregnancies, thus women with no history of pre-eclampsia represent the majority of cases.
Previous studies
To our knowledge, the impact of the time interval between pregnancies on pre-eclampsia risk has been reported only twice. 5, 15 One of the studies found no impact of interval between deliveries, but reported for women with a change in paternity a 30% increase in pre-eclampsia risk in women with no previous pre-eclampsia (95% CI : 1.1-1.6), and a 30% reduced risk of pre-eclampsia (non-significant), in women with previous preeclampsia and new paternity. 5 The observation time in that study, however, was probably too short to detect any impact of a long time interval between deliveries, with a maximum time interval of 3 years (1989) (1990) (1991) . Also, the results in that study may have been biased by a selection of women with short interpregnancy interval and new father. 5 The other study, from the Medical Birth Registry in Norway (1967-1992), as our study, found the risk of pre-eclampsia to increase by increasing interval between pregnancies, but gave no information as to changes in risk in women with or without previous pre-eclampsia, or a change in paternity. 13 Several previous studies have suggested that a change in paternity for the second pregnancy increases the risk of preeclampsia, and primipaternity rather than primiparity has been suggested to be a major risk factor. 2, 3, 16 In our study, women with a change in paternity for the two pregnancies seemed to have a reduced risk of pre-eclampsia in the second pregnancy after controlling for the time interval between deliveries. Our findings suggest that previous results on the impact of changing paternity on pre-eclampsia risk have been confounded by insufficient control for the time interval between the pregnancies.
Potential sources of error
No validation of the pre-eclampsia diagnosis in the Medical Birth Registry has been performed. In Norway the diagnostic criteria for pre-eclampsia described in methods have been widely used throughout the study period. 17 The reported prevalences of pre-eclampsia in first pregnancy in different geographical regions in Norway (the Eastern, Southern, Western, Middle and Northern part of Norway) vary from 3.0% to 4.5%.
Inclusion of geographical region as a covariate in the multivariate analyses did not change the risk estimates according to the time interval between deliveries or a change of paternity, and was therefore not included in the final model. The prevalence and recurrence rates of pre-eclampsia in our study were comparable to those reported in other Nordic countries. 18 In women with severe pre-eclampsia the delivery is more likely to be induced prematurely than in women without preeclampsia. Thus, the use of delivery and pre-eclampsia before 37 weeks gestation as diagnostic criteria for pre-eclampsia is likely to decrease the likelihood of misclassification of preeclampsia. In such sub-analysis the estimated impact of the time interval on pre-eclampsia risk was strengthened as compared to the estimates based on all women with a diagnosis of preeclampsia in first pregnancy (data not shown).
Changes in body mass index and smoking habits have occurred in all age groups of women in Norway over the 30-year period studied, but are unlikely to have confounded our results. 19, 20 The Medical Birth Registry of Norway holds no information on maternal weight/body mass index, smoking or social class, thus we have not been able to control for these potential confounders specifically. We have, however, adjusted for the year (5-year periods) of the second delivery, thus confounding by risk factors which may have changed in prevalence over this period should be at least partially accounted for.
Possible interpretation
Our study of 547 238 women has shown a significant impact of the time interval between pregnancies on the risk of preeclampsia in the second pregnancy, however only in women with no history of pre-eclampsia. How can this be explained? The time interval between pregnancies could express the impact of increasing maternal age, a well known risk factor of preeclampsia. 21 We have, however, controlled for the mother's age at the second delivery in the presented results, hence, the impact of maternal age on the risk of pre-eclampsia should be accounted for. Also, the increased risk of pre-eclampsia by increasing maternal age was present in all women regardless of pre-eclampsia in the first pregnancy, whereas a long interval between deliveries only seemed to increase the risk of preeclampsia in women with no previous pre-eclampsia.
We speculate that the increased risk of pre-eclampsia imposed by long pregnancy interval may be due to environmental influences such as infections. A long interval between deliveries will increase the mother's risk of acquiring infections which may reactivate during pregnancy, since the cumulative risk of acquiring an infection which is prevalent in the population will increase over time. 22 The metabolic alterations in acute rejection in patients receiving organ transplants and in atherosclerosis share many common features with pre-eclampsia, suggesting a possible common pathophysiological pathway. 1, 23, 24 Infectious agents have been suggested to play a causal role in both acute rejection and atherosclerosis, 23, 24 and urinary tract infections in pregnant women have been associated with pre-eclampsia. 25 These observations suggest there may be a possible link between infection and pre-eclampsia. Thus it may be speculated that some women, due to constitutional and immunological factors, may develop pre-eclampsia in pregnancy as a result of a coinciding infectious stimulus adding to the inflammatory burden of a normal pregnancy. 8 The loss of this 'immunity' demonstrated by the increase in pre-eclampsia risk according to increasing time interval between the deliveries, could be explained through such an hypothesis.
Conclusion
The impact of time interval between deliveries demonstrated in our study may contribute to a new approach in the understanding of the causes of pre-eclampsia. The protective impact of a new father for the pre-eclampsia risk in second pregnancy challenges the hypothesis of primipaternity, and implies that the increase in pre-eclampsia risk ascribed to new father by others is due to insufficient control for interpregnancy interval. We hypothesize that infectious agents may add to the inflammatory burden of a pregnancy, and trigger pre-eclampsia in susceptible women. Further studies are needed firstly to confirm the unexpected protective impact of changing paternity on pre-eclampsia risk in our study, and secondly to confirm the impact of interval between pregnancies on pre-eclampsia risk and explore the possible environmental causes of such impact.
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KEY MESSAGES
• For women without pre-eclampsia in the first pregnancy the risk of pre-eclampsia in the second pregnancy increased with increasing time interval between deliveries, whereas for women with pre-eclampsia in the first pregnancy the risk tended to decrease with increasing time interval between deliveries.
• In contrast to previous reports, a change of paternity for the second pregnancy was associated with a reduced risk of pre-eclampsia in the second pregnancy after controlling for the time since first delivery, however only for women without pre-eclampsia in the first pregnancy.
• The protective impact of a new father for the second pregnancy challenges the hypothesis of primipaternity, and implies that the previous claims of an increase in pre-eclampsia risk associated with a new father are due to insufficient control for interpregnancy interval.
